This article presents a comprehensive review for the dilemma of reactive power flow, while addressing different proposed remedy strategies: conventional and most update solutions. Robust analytical expressions were utilized to exploit the functionality of the proposed solutions and to show clearly the relation between the reactive power and control variables. The article, moreover, proposes a simple, innovative and robust analysis for static performance of the STATCOM. This approach shows clearly the advantages of the STA-TCOM in regulating reactive power and maintaining load voltage level within presumable limits. The approach, furthermore, reveals explicitly via analytical expressions the impact of the STATCOM operation on different aspects of the power system under concern.
Introduction
Reactive power flow is a salient feature of an electrical power system. Reactive power is mandatory for the operation of different load types either static or rotating [1] [2] . For example, in rotating load as induction motor, which is the main industry motor, the reactive power is essential for producing the revolving magnetic field required for successful operation. In the transmission and distribution networks of electric power, the reactive power is required to fulfill the requirement of proper operation. The value and the direction of the reactive power in such networks vary according to load level and power factor [1] [2] [3] . These lines are essentially reactive networks of distributed parameters characterized by their series inductance and shunt capacitance [4] [5] [6] [7] .
Reactive power flow, however, has a number of undesirable consequences. It increases the drawn current for the same load level, which in turn increases the losses, maintenance and cost of the power system operation. Moreover, it reduces the power stability margin. It under heavy level of reactive power probably results in voltage instability [8] [11] - [18] .
The compensating techniques either conventional or recent suffer from limitations. For example, the reactive output of SVC topologies is proportional to the square of the voltage magnitude. Therefore, the SVC provided reactive power decrease rapidly as voltage decreases, which reduces its stability. STATCOM typically exhibit higher losses and may be more expensive than SVC. Moreover, STATCOM operates under balanced operating conditions; thus its performance is deteriorated under abnormal operating conditions. The UPFC, also as STA-TCOM, could not operate properly under disturbance conditions [19] - [26] . 
Reactive Power and Performance Indices
As mentioned before that reactive power is elementary for some load to function; therefore the majority of loads are functioning at lag power factor which is less unity. Figure 1 Figure 2 shows that current magnitude and losses increases for non-zero reactive power despite inductive or capacitive. This definitely impacts the economic operation of a power system, which eventually affects the end-line customers. To visualize the full dilemma of reactive power, Figure 3 shows the efficiency of 0.1 pu resistance power system versus the circulated reactive power. In producing Figure 3 , only ohmic losses in the tranmission line are considered. Figure 3 shows how could the flow of the reactive power impacts the efficiency. The figure shows that the efficiency is reduced under the flow of the reactive power despite its sign. This is attributed to the fact that Figure 3 is generated for uncompensated operation. The relatively low value around 90% of the efficiency at zero reactive power is due to the large value of the line resistance.
Reactive Power Compensation
Different techniques are emerged to remedy the problem of reactive power circulation. These approaches range from simple method to most-update approaches. Each approach enjoys merits and suffers from drawbacks. In the following, a concise highlight for these methods is addressed.
Simple Compensation Strategies

A simple compensation technique is inserting fixed capacitor/inductor [1] [2]
[3] [4] . The capacitor is used for nominal/heavy load operating points to produce sufficient reactive power for boosting voltage profile at load buses. The inductor meanwhile is used for light load operating point to limit the voltage within the presumable regulation. Usually, the capacitor/inductor is inserted in the system via mechanical switch. The reactive power produced from reactive elements capacitor/inductor is obtained from the primitive equation, These techniques suffer from serious limitations, such as:
Fixed compensation, which limits their compensation ability;
Inability to respond for load requirements; these techniques fail to provide instantaneous response for load reactive power requirements;
Resonances, the fixed compensator capacitor/inductor values could resonate with transmission line parameters.
SVC Topologies
SVC gains more advantages than rotating reactive power compensators and 
The reactive power produced by TCR is given by, Figure 6 shows the reactive power generated from TCR at different firing angles. Figure 6 shows that for X pu =1.0 the produced reactive power is 4 pu. A small inductor is sufficient to produce the required reactive power. The range of the firing angles of the thyristor is limited to be 90˚ -180˚. This is to ensure continuous inductor current conduction. TSC similarly to TCR is composed from capacitor interfaced to the common coupling point via pair of anti-parallel thyristors ( Figure 7 ).
Here the thyristors are controlled such that current through the thyristor I TCR is function in the thyristor firing angle, α. The RMS value of the current could be Figure 8 . Figure 8 shows that as the firing angle increases the delivered reactive power decreases. Therefore, the reactive power diminishes at high firing angles ( Figure   8 ). The capacitive reactive power is inversely proportional with capacitance value, (8) .
TCR and TSC are usually merged in topology themed SVC (Figure 9 ). This widens the applicability range of the SVC and allows compensation of different load levels. The characteristics of SVC are shown in Figure 10 . SVC in Figure 10 is composed of TCR and TSC topologies. Figure 10 shows that SVC for voltage below 1 pu operates as TSC, while for higher voltage level than 1 pu, it acts as TCR. SVC, Figure 10 , has the ability to generate and or absorb reactive power accordingly to the load level and power factor.
STATCOM
STATCOM is the recent configuration of SVC; it remedies the limitations in the traditional SVC. STATCOM generally utilizes high sufficient frequencies such that STATCOM produces high quality output voltage and current. The main objective of the STATCOM is to produce instantaneous +/-reactive power according to the load requirement and the operating point. Figure 11 shows a power system where the STATCOM is attached at the point of common coupling. The STATCOM is usually interfaced via a transformer. 
where P L is load power and the angle θ is given by ( )
where c 1 and c 2 are given respectively by,
The load voltage is given by, Figure 12 . Per-phase equivalent circuit for STATCOM model attached to power system. The STATCOM modeled current source c I is given by,
The graph of load voltage V L is shown in Figure 13 without compensation for different load levels and power factors along with compensated scenario. The load voltage illustrated in Figure 13 is obtained by Equation (8) . Figure 13 shows that the system operation with STATCOM results in better load voltage profile. However, as the STATCOM is attached at load bus; thus the supply has to deliver the required reactive power to fulfill the requirements of transmission line. Figure 13 shows for lag load a significant drop for load voltage is recorded, which maybe not suitable for voltage sensitive loads.
The influence of the STATCOM on the transmission line losses are shown in Figure 14 , where transmission line losses are drawn versus load power for different load power factor. It is obvious in Figure 14 that operation of the system under concern while deploying STATCOM results in minimum line current amplitude and hence minimum transmission line losses. Figure 14 , shows for uncompensated operation the lead power load scenarios reduce transmission line losses compared to lag power factor scenarios.
The reactive power delivered by STATCOM under different load and power factor levels is illustrated in Figure 15 . Figure 15 reveals the merit of STATCOM in instantaneous responding for load reactive requirements. However, Figure 15 shows hypothetical operating conditions, such as the operation close to power equal of 0.1 lag/lead. Moreover, the figure ignores the operational limits of the STATCOM, which are returned to storage capacity of the DC source and ratings of solid-state devices. 
Conclusions
